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Abstract
In this work a numerical study of unsteady laminar natural convection in a differentially heated square cavity filled 
with air has been carried out. Rectangular thin fins made with a material of high conductivity were placed on the hot 
wall of the cavity. The governing equations were discretized by the finite volume method. The resolution        
of the coupling (pressure-velocity) was done with the projection method. A uniform grid in X and Y direction were 
used for all computations. Grid convergence of | max| was studied for the case of the dimensionless length (Lf = 0.5) 
and the dimensionless position (Hf =0.5) with grid sizes from 20×20 to 160 ×160 at Ra=105. Grid independence was 
achieved with grid size of 120×120. The code (a program with FORTRAN 6.6) was validated by comparing our 
results with those of other authors for the case of one thin fin where we have found a good agreement with them. 
Streamlines, temperature fields and the rate of heat transfer with/without fins (average Nusselt number <Nu> on the 
hot and cold walls of the cavity) are obtained. 
A parametric study has been carried out by considering the following parameters: the Rayleigh number Ra=105, the 
dimensionless length (Lf) and the dimensionless position (Hf) of fins. We have found that is always an optimum fins 
length (Lf f = 0.25 and 0.5) and (Hf = 0.25 and 0.75). 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
     Natural convection heat transfer in differentially heated partitioned cavities is encountered in various 
industrial applications, such as electronic cooling devices. Studies of various aspects of this problem have 
been carried by many researchers both numerically and experimentally.  
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     Several works report simulations of the steady state, laminar, two and three-dimensional flow in search 
for ways to control and optimize the overall cavity heat transfer by the addition of a single thin fin. 
Recent papers, Shi and Khodadadi [1] studied numerically this problem with almost perfectly conducting 
partition on the hot wall. Their dimensionless fin length was between 0.20 and 0.50, which had seven 
positions along the hot wall and Rayleigh number was from 104 to 107. Since the fin was almost perfectly 
conducting and attached to the hot wall, the fin's heating enhanced the convection while its blockage of 
the flow field suppressed it. Tasnim and Collins [2] studied numerically the effects of fin length, position 
and Rayleigh number on heat transfer performance. Bilgen [3] studied numerically the case with 
dimensionless fin length from 0.10 to 0.90 at dimensionless fin position from 0.10 to 0.90 and fin to air 
conductivity ratio from 0 to 60.  His results showed that the Nusselt number is an increasing function of 
Rayleigh number, and a decreasing function of fin length and relative conductivity ratio. The effect of fin 
on heat transfer performance in cubical enclosure was studied numerically by da Silva et al. [4] and by 
Frederick et al. [5]. Fin-array geometry in enclosure was studied experimentally by Ampofo [6-7] for 
turbulent flow. 
     We see from this brief review that less effort has been devoted to unsteady simulations for several thin 
fins. In this paper, we will study the effect of lengths (Lf) and positions (Hf) of two highly conductive thin 
fins attached to the hot vertical wall of square cavity, on heat transfer performance for Ra=105.
Nomenclature 
H            cavity height                                                                 [m]  
Hf          dimensionless thin fins position 
L            cavity length                          [m]                                 
Lf           dimensionless thin fins length, 
g             Acceleration due to gravity                     [m/s2]
Nu          Nusselt number 
p             Pressure                                          [Pa] 
P            dimensionless pressure  
Pr           Prandtl number 
Ra          Rayleigh number 
t              time                                              [s] 
T            dimensionless temperature 
u, v         fluid velocities                                                             [m/s] 
U, V       dimensionless fluid velocities 
X Y        dimensionless Cartesian coordinates 
x, y         cartesian coordinates 
            thermal diffusivity                             [m2/s] 
            thermal expansion coefficient of the fluid                   [1/K] 
            kinematic viscosity                            [m2/s]
           fluid density                              [Kg/m3]
           dynamic viscosity                                                        [Kg/m.s]
          dimensionless stream function 
          dimensionless vortices 
           temperature                                      [K] 
           dimensionless time 
c,f,h      cold, fin,hot 
< >         average 
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2. Problem and mathematical problem 
2.1. Problem definition
Fig 1 shows the schematic diagram of the system and the coordinates. Only a square enclosure is 
considered. The problem is considered to be two dimensional.  
     The two horizontal walls (i.e. top and bottom walls) are insulated, whereas the left wall is maintained 
at a high temperature (Th) and the right wall is maintained at a lower temperature (Tc), with Th>Tc. Two 
horizontal thin fins are attached to different positions on the left (hot) wall. The fins are made of highly 
conductive material and the temperature of the two fins is maintained at the same temperature of the wall 
to which they are attached. (L) and (H) are representing the dimensionless length and height of the cavity. 
(Lf) and (Hf) are the dimensionless lengths and positions of two thin fins, respectively. The flow field is 
considered to be unsteady, laminar and the fluid is incompressible. 
Fig. 1. Schematic diagram of the problem 
2.2. Mathematical model 
     Thermophysical properties of the fluid are assumed constant, except the density variation in the 
buoyancy term, i.e., Boussinesq approximation is valid. Dimensionless form of the governing equations 
can be obtained via introducing dimensionless variables. These are defined as follows: 
,
,
x y
X Y
H
, 1 2 1 2
,
,
 Pr
u v H
U V
Ra , 2 1 2 1 2Pr
t
H Ra
,
2
1 2 1 2Pr
pHP
Ra
, fT (1)
     Variables u, v, p and T are the velocity components in the x, y direction, pressure and temperature, 
respectively. Quantities ,  and  are the density, dynamic viscosity and thermal diffusivity of the fluid, 
respectively. Based on the dimensionless variables above, the dimensionless equations for the 
conservation of mass, momentum, and energy equations are: 
0U V
X Y
                                                                   (2)
Y
X
g
Air
L
H
Lf
HfT=1
0T
Y
T=0
0T
Y
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2 2
2 2
1 1
Pr Pr
U U U P U UU V
X Y X X YRa Ra
                                 (3)
2 2
2 2
1 1
Pr Pr
V V V P V VU V T
X Y Y X YRa Ra
                                                                   (4)                       
2 2
2 2
1
Pr
T T T T TU V
X Y X YRa
                                     (5) 
The stream function is calculated from its definition: 
U
Y
V
X
                                                                                     (6)
2 2
2 22 2
2 2
  0
V U
V UX Y
X Y X Y
X Y
                                  (7)
 and  are the dimensionless stream function and the dimensionless vortices, respectively. 
In the energy equation, the viscous dissipation terms are neglected and the reference temperature in the 
buoyancy term was taken to be equal to Tc. Parameters Ra and Pr are the Rayleigh and Prandtl numbers, 
respectively. These are defined as: 
3   Ra g H , Pr                                                                               (8)
Quantities  and  are the kinematic viscosity and thermal expansion coefficient of the fluid, respectively. 
For dimensionless time 0 , we have: U = V = T = 0.  
The dimensionless boundary conditions for cavity and fins are: 
For the hot wall of the cavity: 
            U=V= = 0P
X
, T=1 (9)
For the cold wall of the cavity: 
            U=V= = 0P
X
, T=0                                      (10)
For the two insulated horizontal walls:
            U=V= = 0P
Y
, 0T
Y
                                                                           (11)
For the fins: 
            U=V= = 0P
S
, T=1                             (12)
Where: S is the normal fins faces. 
In the analysis the local Nusselt number for the hot and cold walls is defined as: 
On the left (hot) wall:  
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0 0
     
T TNulocalh X XX X
fins faces the rest of the hot wall
                                 (13) 
On the right (cold) wall:  
1
TNulocalc X X
                                                                       (14)     
with: (h) indicates hot wall and (c) indicates cold wall. 
The average Nusselt number is defined as: 
On the left (hot) wall: 
Nulocalh
nodesNu h n
                                     (15)
 On the right (cold) wall:  
Nulocalc
nodesNu c n
                                                         (16)
with: n is nodes number. 
3. Numerical technique 
    We are elaborated a numerical program with the language programmation FORTRAN.                      
The combined continuity, momentum and energy equations were resolved using a finite volume method 
of Pathankar [8]. The projection method was applied to resolve the pressure-velocity coupling. A grid 
independence test was conducted for the Ryaleigh number Ra =105 in square cavity with a single fin 
positioned at the middle of the left wall in order to determine the proper grid size for this study. The 
length of the thin fins was set to be 50 percent of (L). Eight selected grid sizes were used for the grid 
independence study. The grid sizes were 20×20, 40×40, 60×60, 80×80, 100×100, 120×120, 140×140           
and 160×160. Fig 2 shows the dependence of | max| on the grid size. Comparison of the | max| values 
among eight different cases suggests that the three grid distributions of 120×120, 140×140                      
and 160×160 give nearly identical results. Considering both the accuracy and the computational time,                
the following calculations were all performed with a 120×120 grid system and for dimensionless time                     
(  =1000). 
0 20 40 60 80 100 120 140 160 180
0,025
0,026
0,027
0,028
0,029
0,030
0,031
Ra= 105
ma
x
Grid size
Fig. 2. Grid sensitivity test 
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4. Results and discussions 
4.1. Validation of the numerically program
    The numerically program was tested and verified extensively via comparing our results with the results 
of Tasnim and Collins [2]. Fig 3 shows the streamlines and the isotherm lines for a finned cavity for           
Ra=105. We observe by comparing all the cases in Fig 3, there is a good qualitative coordinate between 
our results and those of Tasnim and Collins [2]. 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
psi
0.04554
0.04242
0.0393
0.03618
0.03306
0.02994
0.02682
0.0237
0.02058
0.01746
0.01434
0.01122
0.0081
0.00498
0.00186
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
température
0.9375
0.875
0.8125
0.75
0.6875
0.625
0.5625
0.5
0.4375
0.375
0.3125
0.25
0.1875
0.125
0.0625
                     (a)                                                                                   (b) 
Fig. 3. (a)Streamlines; (b) isotherm lines of differentially heated cavity with a single fin. Comparison with our results and those                
of Tasnim and Collins [2]. 
4.2. Flow fields
Fig 4 shows the streamlines in a square cavity with two thin fins at different lengths                      
(Lf = 0.25, 0.5 and 0.75) and positions (Hf) for the case Ra = 105. The plots are arranged going from left 
to right with ascending of the (Lf) value. By observing all the cases in Fig 4, it is found that two fins have 
lengths (Lf = 0.25 and 0.5) and at different positions, a large clockwise (CW) rotating cell was observed 
for all fins positions.
The fluid that is heated next to hot wall (left wall) rises and replaced the cooled fluid next to the cold wall 
(right wall) that is falling, thus giving rise to a clockwise rotating vortex. Placing two longer fins                   
(Lf = 0.75) at different positions bringing about more changes to the flow (recirculating regions was 
observed) compared to two fins have lengths (Lf = 0.25 and 0.5). 
4.3. Temperature Fields
    Fig 5 shows the contours of dimensionless temperature (T) for natural convection in a square cavity 
with two fins at different lengths (Lf = 0.25, 0.5 and 0.75) and positions (Hf) and for the case Ra = 105.
By observing all the cases in figure 5, it is found that placing two short fins (Lf = 0.25, 0.5) on the hot 
wall changes the temperature distributions locally and the rest of the cavity remains unaffected. The long 
fins (Lf = 0.75) have the remarkable effect in the cavity. The fins positions have also the remarkable 
effect, for fins positions (Hf = 0.25 and 0.5) and (Hf = 0.5 and 0.75) the isothermal lines are less packed in 
the area between two fins but for (Hf = 0.25 and 0.75) the isothermal lines are more packed in this area. 
4.4. Average heat Transfer distribution 
In order to evaluate how the presence of fins affects the average heat transfer along the hot and cold 
walls, average Nusselt number is plotted as a function of fins lengths in fig 6 for different fins positions 
and for Ra = 105.
Fig 6a and Fig 6b plots show the variation of the average Nusselt number on the hot and cold walls, 
respectively. From Fig 6a, one can observe that placing fins on the hot wall always reduces the average 
Nusselt number <Nu>h in this wall compared to the wall without fins (Lf = 0). This is because fins block 
the flow near them (the same observation of Tasnim and Collins [2] for a single fin). Also, it is observed 
that average Nusselt number on the hot wall decreases with the increase of fins length (Lf).
     From Fig 6, it is observed that for Ra=105 an increase in average Nusselt number <Nu>c on the cold 
wall for fins length Lf  (Lf = 0). 
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The heat transfer is enhanced on the cold wall when two fins are attached on the hot wall and positioned 
at (Hf = 0.25 and 0.5) and (Hf = 0.25 and 0.75). 
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Fig. 4. Streamlines with two fins at Ra=105
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Fig. 5. Isothermal lines with two fins at Ra=105
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Fig. 6. Average Nusselt number as a function of fins lengths at Ra = 105. (a) hot wall; (b) cold wall. 
     5. Conclusion 
Unsteady laminar natural convection in differentially heated square cavity with two horizontal thin fins 
has been numerically studied. The cavity was formed by vertical isothermal walls and adiabatic horizontal 
walls. Two thin fins were attached to the hot wall. Its dimensionless length was Lf = 0.25, 0.5 and 0.75 
and its dimensionless position was (Hf). Rayleigh number was 105. Based on the findings in this study, 
we conclude that average Nusselt number <Nu>h on the hot wall is a decreasing function of fins length 
(Lf). Placing two fins on the hot wall always reduces the average Nusselt number in this wall compared to 
the wall without fins (Lf = 0). This is because fins block the flow near them. There is always an optimum 
fins length (Lf  (Hf = 0.25, 0.5) and (Hf = 0.25, 0.75), which makes 
heat transfer by natural convection <Nu>c maximized on the cold wall.  
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